###### Strengths and limitations of this study

-   This is the first large study examining the annual patterns of multimorbidity between people with and without type 2 diabetes (T2D) using primary care and hospitalisation data in England.

-   The study examines the patterns of 18 comorbid physical and mental conditions, whereas prior research has mainly focused on patterns of cardiovascular disease in people with T2D resulting in little understanding of trends of a broader range of important comorbidities in people with and without T2D.

-   The study highlights high prevalence of comorbidities associated with T2D diagnosis that are either under-reported or not featured in diabetes guidelines, mainly osteoarthritis, anxiety, schizophrenia and respiratory conditions.

-   To minimise misclassification, prescribed treatments and time-windows were examined as additional measures to confirm the active status of five resolvable medical conditions such as depression and asthma.

-   The study relies on recorded diagnoses in electronic health records, and therefore, there is a possibility to have missed patients with undiagnosed illnesses such as patients who did not consult general practice or hospital setting.

Introduction {#s1}
============

Diabetes is a chronic metabolic condition associated with global economic burden and increased risks for premature mortality.[@R1] Currently, nearly 422 million adults have diabetes worldwide.[@R2] Previous reports have showed that people diagnosed with type 2 diabetes (T2D) were at up to 93% significantly excess risk for mortality than people without diabetes.[@R3]

Improvements in life expectancy observed over recent years have resulted in an ageing population living with multiple clinical conditions. Multimorbidity is the co-occurrence of two or more chronic conditions in the same individual.[@R6] People living with multimorbidity often have poorer quality of life and are prone to adverse outcomes.[@R6] Characterising coexisting morbidities in the T2D populations is important as it may explain current medical utilisation patterns, highlight potential interactions with diabetes management and guide future healthcare planning.

Multimorbidity has been identified as a priority for global health research.[@R7] Several earlier studies have described comorbidities in the T2D population, but mainly as a part of a different research aim or not in UK population or typically confined to trends of cardiovascular disease. Prior studies either based on small cohorts[@R8]; or on a subgroup of patients with T2D, for example, within a specific age category.[@R10] In addition, the examined comorbidities were mainly reported as an overall count[@R9]; or limited to diabetes-related complications.[@R12] Overall, it is estimated that approximately 44%--95% of people with diabetes, including some specific diabetes cohorts such as veterans and elderly people, have one or more comorbid conditions.[@R13] A Dutch study assessed the impact of comorbidities burden in people with diabetes and reported a positive correlation between the number of comorbidities and healthcare utilisation.[@R14]

Despite the importance of examining the multimorbidity burden in people with T2D, there is limited understanding on the profile of other prevalent physical and mental health illnesses in people with T2D while no previous study has characterised and compared these trends in people with and without T2D. In addition, most current clinical guidelines and strategies have 'single condition' model of care without considering multimorbidity.

In this study, we used large electronic linked primary care and hospital electronic health data to examine the patterns of 18 physical and mental health conditions in people with and without T2D over an 11-year study period in England. We further stratified the comorbidities prevalence rates by age, gender, social deprivation and assessed the association between diagnosis of T2D and the presence of a comorbidity and described the patterns of all two coexisting comorbidities. In people with T2D, we developed a metric to identify most prevalent comorbidities and examined whether these conditions were addressed in national diabetes guidelines.

Methods {#s2}
=======

Data source {#s2-1}
-----------

The Clinical Practice Research Datalink (CPRD) GOLD is an electronic database of medical records from general practices across the UK.[@R15] General practice is part of primary care for patients in the UK and the gate-keeper for access to secondary and tertiary healthcare services. The CPRD provides longitudinal anonymised data on patient demographics, clinical diagnoses, prescribed treatments, tests and referrals and is broadly representative of the UK population in terms of age, gender and ethnicity.[@R16] In CPRD, clinical records are coded using Read codes (clinical terminology based on a hierarchical classification system). Nearly 75% of the contributing CPRD GOLD general practices in England are eligible for the CPRD data linkage scheme which provides access to external linked datasets and registries.[@R16] These include hospitalisation, mortality and socioeconomic status data.

In this study, we used secondary care data from the Hospital Episode Statistics (HES), and patient-level socioeconomic status as indicated by the Index of Multiple Deprivation (IMD) 2010 quintiles for the matched patients with T2D and comparators registered in English general practices consented for the CPRD linkage scheme. The clinical diagnoses in HES are recorded using the 10th revision of the International Classification of Diseases (ICD-10) coding. The IMD, recorded at the level of patient's residential postcode, is a composite score calculated as the weighted sum of the individual indices of seven domains of deprivation: income, employment, education, finance, access to housing and services, living environment and crime.[@R18]

Patient population {#s2-2}
------------------

Patients registered for ≥90 days in an up-to-standard general practice eligible for data linkage, aged ≥16 years, with a first diagnostic T2D medical code between 1 January 2004 and 31 December 2014, and who had no clinical record for type 1 diabetes were included as patients with T2D. The up-to-standard criterion indicates that the data provided by a practice are of a suitable quality for use in research, based on the continuity of data recording and mortality rate in comparison with the expected range.[@R16] The index date was defined as the earliest date of T2D diagnosis. The identified cohort of patients with T2D was categorised according to the calendar year of T2D diagnosis (2004 to 2014). Within each year, up to five patients without diabetes (comparators) were identified and matched to each patient with T2D on the following variables at the T2D diagnosis date: age (±2 years difference), gender and general practice. Comparators were registered in linked English general practices and were alive at the index date. Each comparator without diabetes was assigned the index date of the matched T2D case and was followed up in the same manner. The annual matched cohorts are illustrated in [online supplementary figure S1](#SP1){ref-type="supplementary-material"}.
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Identification of comorbidities {#s2-3}
-------------------------------

The diagnostic Read and ICD-10 codes for 18 physical and mental health morbidities were collated from previous literature examining chronic conditions[@R19] and online resources.[@R21] All code lists ([online supplementary table S1](#SP1){ref-type="supplementary-material"}) were carefully reviewed by expert clinicians and pharmacists in our team for relevance to the examined population. The Read and ICD-10 codes were used to identify relevant diagnoses in primary care or during hospitalisation, respectively. Overall, the presence of comorbidities was defined as conditions recorded ever before T2D diagnosis date (index date) and up to the end of the calendar year of T2D diagnosis the cohort is contributing to between 2004 and 2014. Our method for identifying morbidities is based on the knowledge that the examined conditions are mostly chronic, that is, an ongoing condition once diagnosed. However, as 5 of the 18 conditions are resolvable (potentially transient) additional criteria were therefore used to ascertain their active status in individual patients by using prescriptions and/or the timing of the diagnostic codes, as explained below.

The 18 examined morbidities were asthma, chronic obstructive pulmonary disease (COPD), hypothyroidism, osteoarthritis (OA), chronic kidney disease (CKD), anxiety, depression, schizophrenia, epilepsy, hypertension (HT), hyperlipidaemia, atrial fibrillation (AF), congestive heart failure (CHF), peripheral vascular disease (PVD), myocardial infarction (MI), transient ischaemic attack (TIA), stroke and cancer. These morbidities were primarily selected because are clinically relevant comorbidities in people with T2D and as, for the majority of them, the UK Quality and Outcomes Framework (QOF) entails their recording and reporting in primary care (ie, are financially incentivised conditions as per the UK general practice contract). The QOF pay for performance incentive scheme was introduced in 2004 to reward UK general practices providing high-quality care based on defined clinical indicators implementation of preventative measures.[@R23]

As some of the investigated morbidities might be resolved at a later stage, additional criteria (prescription and/or time-window) were introduced to define active disease status of these morbidities.[@R24] These criteria were applied to 5 of the 18 examined conditions as follows: asthma (a Read/ICD-10 diagnostic code ever plus a prescription for inhaled corticosteroid and/or long-acting beta-agonists over the last 12 months was required); anxiety (a diagnostic code in the last 12 months or ≥4 prescriptions for anxiolytics/hypnotics over the last 12 months); depression (a diagnostic code in the last 12 months or ≥3 prescriptions for antidepressants in the last 12 months (except low dose tricyclic antidepressants)); epilepsy (a diagnostic code ever plus a prescription for an antiepileptic drug in the last 12 months) and cancer (first diagnosis recorded in the last 5 years). Low-dose tricyclic antidepressants were defined as formulations with strength up to 25 mg. However, all strengths were included for amoxapine, butriptyline, clomipramine, dosulepin, doxepin, lofepramine, mianserin, protriptyline, trimipramine, viloxazine either because a medication was only indicated for treatment of depression or low doses were prescribed for depression treatment. Throughout this paper, we refer to the examined conditions as 'comorbidities' but we recognise that for comparators without diabetes these conditions are 'morbidities' when occurring on their own.

Patient and public involvement {#s2-4}
------------------------------

No patients or public were involved in this study during design, conduct or analysis stages.

Statistical analyses {#s2-5}
--------------------

Statistical analyses were used to map comorbidity data obtained from CPRD GOLD primary care and hospitalisation data sources using six approaches:

1.  First, annual prevalence rates and 95% CI for each comorbidity in patients with T2D and matched comparators over the 11-year period were calculated. For each matched case and comparator (eg, cases and comparators in the matched cohort in 2004), the prevalence rate for a comorbidity in 2004 was calculated by dividing the number of T2D cases (or comparators) with a clinical record for that comorbidity in or before 2004 by the number of all cases (or comparators) contributing throughout 2004.

2.  Second, the prevalence rates of comorbidities were stratified by (1) 20-year age groups, (2) gender and (3) patient-level social deprivation (IMD quintiles) for patients with T2D and matched comparator patients in the last study year (2014).

3.  Third the patterns of coexisting two comorbidities were calculated and compared between people with T2D and people without diabetes. The pattern of all two coexisting comorbidities were visually illustrated using three dimensional (3-D) bubble plots. The size of the 3-D bubbles is determined by the proportion of patients with the two comorbidities and is relative in terms of other bubbles in the same plot and not between separate plots.

4.  In the fourth approach, the overall and gender-specific annual prevalence rates of clustered cardiovascular disease were calculated for patients with T2D and matched comparators. This was the prevalence of any cardiovascular comorbidity by clustering six conditions: AF, CHF, PVD, MI, TIA and stroke.

5.  Fifth, we fitted conditional logistic regression models (taking the matching set into account) to estimate OR and 95% CI for associations between T2D and the 18 comorbidities. Regression models restricted to males or females were also fitted to calculate gender-specific estimates.

6.  Sixth, using findings from analyses 1, 2 and 5, we developed multimorbidity metrics to indicate most prevalent morbidities in people with T2D (prevalence of ≥5%) and/or morbidities highly associated with T2D diagnosis (OR of ≥2 when compared with people without diabetes). We report these metrics in the overall cohort and by gender using the year 2014 cohort. We then assessed if these highly prevalent morbidities are featured in national diabetes guidelines.

All analyses were conducted using Stata Software: Release V.14(StataCorp LP).[@R25]

Results {#s3}
=======

Patient population {#s3-1}
------------------

In total, 108 588 people with T2D registered in 391 English general practices were included. Patients with T2D were matched to 528 667 people without diabetes (comparators). A flow chart for identification of linked patients with T2D and comparators is illustrated in [figure 1](#F1){ref-type="fig"}. The mean±SD preindex observation time for matched patients with T2D and comparators were similar throughout the study period and ranged between 3.7±3.7 and 7.2±5.9 years in patients with T2D and 3.7±3.6 and 7.4±5.7 years in comparators.

![Flow chart for identification of patients with and without diabetes registered in linked general practices, using year 2004 as an example. CPRD, Clinical Practice Research Datalink; T2DM, type 2 diabetes mellitus.](bmjopen-2019-033866f01){#F1}

Comorbidities {#s3-2}
-------------

### Annual prevalence of comorbidities {#s3-2-1}

All comorbidities were more prevalent in people with T2D than the matched comparator patients ([table 1](#T1){ref-type="table"}, [online supplementary table S2](#SP1){ref-type="supplementary-material"}). Overall, 76.7% of patients with T2D and 54.2% of matched comparators without diabetes had at least one comorbidity. In 2014, 24% of patients with T2D vs 44% of comparators had none of the examined morbidities; 27% vs 24% had one morbidity; 20% vs 15% had two comorbidities; 14% vs 8% had three comorbidities, 7% vs 4% four comorbidities and 4% vs 2% had ≥5 comorbidities ([online supplementary figure S2](#SP1){ref-type="supplementary-material"}). The prevalence rates of all 18 comorbidities in T2D and comparators in 2004 and 2014 are presented in [figure 2](#F2){ref-type="fig"}. Hypertension was the most prevalent comorbidity in all patients. The prevalence of cardiovascular conditions and risk factors were up to twofold higher in people with T2D than in comparators. The prevalence of CKD increased sharply over the study period in people with and without diabetes (from 1.3% (95% CI 1.1% to 1.6%) in 2004 to 8.2% (95% CI 8.0% to 8.5%) in 2014 in patients with T2D; and from 0.6% (95% CI 0.58% to 0.72%) in 2004 to 5.4% (95% CI 5.3% to 5.5%) in 2014 in comparators). Epilepsy and schizophrenia were the least common chronic conditions in both people with and without diabetes.

![Prevalence of comorbidities in patients with type 2 diabetes mellitus (T2DM) and patients without diabetes in 2004 and 2014. AF, atrial fibrillation; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HT, hypertension; OA, osteoarthritis; PVD, peripheral vascular disease; MI, myocardial infarction; TIA, transient ischaemic attack.](bmjopen-2019-033866f02){#F2}

###### 

Annual prevalence rates for 18 comorbidities in T2D cases and matched comparators

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                Asthma   COPD    Hypothy\   OA      CKD     Schizo\   Anxiety   Depre\   Epilepsy   Hyperli\   AF      CHF     HT      PVD     MI      Stroke   TIA     Cancer
                                 roidism                    phrenia             ssion               pidaemia                                                            
  ------------- -------- ------- ---------- ------- ------- --------- --------- -------- ---------- ---------- ------- ------- ------- ------- ------- -------- ------- --------
  **2004**                                                                                                                                                              

  T2D cases     0.072    0.054   0.061      0.172   0.013   0.009     0.070     0.102    0.007      0.205      0.069   0.058   0.512   0.037   0.040   0.034    0.027   0.043

  Comparators   0.049    0.041   0.038      0.137   0.006   0.005     0.057     0.068    0.008      0.083      0.038   0.026   0.259   0.018   0.017   0.018    0.019   0.037

  **2005**                                                                                                                                                              

  T2D cases     0.074    0.051   0.062      0.187   0.011   0.009     0.067     0.104    0.007      0.211      0.063   0.051   0.519   0.034   0.040   0.032    0.027   0.038

  Comparators   0.052    0.040   0.040      0.141   0.007   0.005     0.054     0.066    0.008      0.087      0.037   0.024   0.264   0.017   0.017   0.017    0.019   0.035

  **2006**                                                                                                                                                              

  T2D cases     0.073    0.055   0.064      0.191   0.056   0.010     0.065     0.102    0.007      0.219      0.063   0.050   0.530   0.036   0.039   0.031    0.027   0.039

  Comparators   0.051    0.042   0.043      0.149   0.026   0.005     0.052     0.066    0.008      0.098      0.038   0.023   0.275   0.017   0.018   0.017    0.019   0.035

  **2007**                                                                                                                                                              

  T2D cases     0.075    0.054   0.065      0.190   0.070   0.010     0.063     0.104    0.007      0.221      0.063   0.046   0.529   0.034   0.039   0.030    0.025   0.038

  Comparators   0.053    0.040   0.043      0.149   0.036   0.005     0.050     0.066    0.008      0.101      0.037   0.021   0.278   0.016   0.018   0.016    0.018   0.034

  **2008**                                                                                                                                                              

  T2D cases     0.077    0.054   0.065      0.144   0.078   0.010     0.061     0.105    0.007      0.221      0.061   0.042   0.528   0.032   0.038   0.028    0.024   0.038

  Comparators   0.054    0.040   0.043      0.149   0.043   0.005     0.048     0.067    0.008      0.104      0.036   0.020   0.279   0.015   0.019   0.015    0.017   0.033

  **2009**                                                                                                                                                              

  T2D cases     0.078    0.054   0.065      0.158   0.081   0.010     0.060     0.106    0.007      0.225      0.060   0.039   0.530   0.030   0.037   0.027    0.023   0.036

  Comparators   0.055    0.040   0.044      0.152   0.049   0.005     0.047     0.068    0.008      0.110      0.036   0.019   0.280   0.015   0.018   0.015    0.016   0.033

  **2010**                                                                                                                                                              

  T2D cases     0.079    0.055   0.066      0.164   0.084   0.010     0.059     0.108    0.007      0.231      0.058   0.037   0.531   0.028   0.038   0.026    0.023   0.036

  Comparators   0.056    0.041   0.045      0.153   0.052   0.005     0.045     0.069    0.008      0.117      0.036   0.018   0.282   0.014   0.018   0.014    0.016   0.032

  **2011**                                                                                                                                                              

  T2D cases     0.081    0.055   0.065      0.167   0.083   0.011     0.058     0.112    0.007      0.231      0.057   0.036   0.528   0.027   0.037   0.026    0.022   0.036

  Comparators   0.057    0.041   0.046      0.153   0.054   0.005     0.045     0.071    0.008      0.119      0.036   0.018   0.283   0.013   0.018   0.014    0.016   0.033

  **2012**                                                                                                                                                              

  T2D cases     0.082    0.056   0.066      0.173   0.085   0.011     0.057     0.115    0.007      0.231      0.056   0.036   0.524   0.026   0.037   0.026    0.022   0.036

  Comparators   0.057    0.041   0.046      0.155   0.055   0.005     0.044     0.073    0.008      0.122      0.036   0.017   0.283   0.013   0.018   0.014    0.015   0.033

  **2013**                                                                                                                                                              

  T2D cases     0.083    0.059   0.067      0.183   0.086   0.011     0.057     0.119    0.007      0.238      0.057   0.036   0.523   0.026   0.037   0.025    0.021   0.036

  Comparators   0.058    0.041   0.048      0.161   0.057   0.006     0.043     0.075    0.008      0.127      0.037   0.017   0.285   0.013   0.019   0.014    0.015   0.033

  **2014**                                                                                                                                                              

  T2D cases     0.085    0.059   0.067      0.184   0.082   0.012     0.056     0.124    0.007      0.239      0.055   0.035   0.520   0.025   0.037   0.024    0.021   0.035

  Comparators   0.059    0.041   0.047      0.160   0.054   0.005     0.042     0.077    0.008      0.129      0.036   0.016   0.284   0.012   0.018   0.014    0.014   0.032
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AF, atrial fibrillation; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HT, hypertension; MI, myocardial infarction; OA, osteoarthritis; PVD, peripheral vascular disease; T2D, type 2 diabetes; TIA, transient ischaemic attack.

### Age-specific, gender-specific and IMD-level-specific prevalence of comorbidities {#s3-2-2}

By age, the number of comorbidities in patients with T2D and comparators increased with increasing age. The mean number of comorbidities was higher in people with T2D than in comparators for all age groups and were higher in females than males ([figure 3A](#F3){ref-type="fig"}). In people with T2D, age-specific prevalence rates of the most common comorbidities were estimated, showing an overall increasing prevalence with increasing age at diagnosis of T2D ([online supplementary figure S3](#SP1){ref-type="supplementary-material"}). However, the proportion of people with asthma was nearly the same across all age groups while depression was less prevalent in patients aged ≥56 years.

![Trends of comorbidities in patients with type 2 diabetes (T2DM) and matched comparators without diabetes by age and gender in 2014. (A) Mean number of comorbidities in patients with T2DM and comparators by age categories and gender (B) gender-specific percentage prevalence of comorbidities at the study end 2014 in patients with T2DM and comparators without diabetes. AF, atrial fibrillation; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HT, hypertension; OA, osteoarthritis; PVD, peripheral vascular disease; MI, myocardial infarction; TIA, transient ischaemic attack.](bmjopen-2019-033866f03){#F3}

By gender, in patients with T2D and comparators higher prevalence of comorbidities was observed in females than in males during all study years (2004--2014). Gender-specific rates in 2014 are presented in [figure 3B](#F3){ref-type="fig"}. The prevalence of hypothyroidism was nearly four-times higher in females (ranged between 10.2% and 11.2% in patients with T2D and between 6.5% and 8.0% in comparators) than in males (between 2.6% and 3.0% in T2D and between 1.5% and 1.9% in comparators). MI was more prevalent in males than females in both patients with T2D and comparators.

By social deprivation level, multimorbidity prevalence rates did not vary greatly across patient-level IMD quintiles (quintile 1: least deprived; quintile 5: most deprived). However, the prevalence rates for asthma, COPD, anxiety and depression in patients with T2D diagnosed in 2014 were highest among the most socially deprived patients ([online supplementary figure S4](#SP1){ref-type="supplementary-material"}). This trend was more profound with depression. A similar pattern of prevalence was observed in comparators matched on the same year, but at lower prevalence rates.

### Proportion of patients with two comorbidities {#s3-2-3}

The 10 most common two coexisting morbidities in people with T2D and people without diabetes in 2014 were combinations of hypertension, hyperlipidaemia and OA ([online supplementary table S3](#SP1){ref-type="supplementary-material"}). The proportion of patients with two comorbidities was higher in people with T2D compared with comparators, and increased between 2004 and 2014. The pattern of all two coexisting comorbidities in people with and without T2D in 2014 are illustrated in 3D bubble plots in [figure 4A, B](#F4){ref-type="fig"}, respectively.

![Percentage of patients with T2D mellitus (T2DM) and comparators with the row and the column comorbidity in 2014. AF, atrial fibrillation; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HT, hypertension; OA, osteoarthritis; PVD, peripheral vascular disease; MI, myocardial infarction; TIA, transient ischaemic attack.](bmjopen-2019-033866f04){#F4}

### Annual prevalence rates of cardiovascular disease {#s3-2-4}

The prevalence of clustered cardiovascular disease (clustered six conditions: AF, CHF, PVD, MI, stroke and TIA) in people with T2D was higher than in matched comparators. This trend was observed across the study period and remained consistent when the prevalence rates were further stratified by gender ([online supplementary figure S5](#SP1){ref-type="supplementary-material"}). Males were more likely to have a cardiovascular condition than females.

### Association of T2D with comorbidities {#s3-2-5}

T2D diagnosis was associated with significantly higher risk for all prevalent comorbidities except cancer. In comparison to people without diabetes (comparators) in 2014, patients with T2D were twice as likely as people without diabetes to have schizophrenia (OR 2.38, 95% CI 1.88 to 3.01) or a cardiovascular disease: CHF (OR 2.12, 95% CI 1.84 to 2.43); PVD (OR 2.01, 95% CI 1.68 to 2.40); MI (OR 2.13, 95% CI 1.85 to 2.46) ([online supplementary figure S6](#SP1){ref-type="supplementary-material"}). ORs were overall stable when assessed over the study period between 2004 and 2014 ([online supplementary table S4](#SP1){ref-type="supplementary-material"}). In gender-specific analyses, the presence of T2D was associated with significantly higher risk for all 18 comorbidities in females ([figure 5](#F5){ref-type="fig"}). Whereas, ORs for prevalent epilepsy and cancer were not statistically significant between male patients with T2D and comparators. T2D diagnosis was associated with higher risks for all comorbidities in women than in men. Similar estimates were obtained when regression models were also adjusted for IMD quintiles.

![ORs for association of type 2 diabetes with comorbidities by gender in 2014. AF, atrial fibrillation; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; OA, osteoarthritis; PVD, peripheral vascular disease; MI, myocardial infarction; TIA, transient ischaemic attack.](bmjopen-2019-033866f05){#F5}

In addition to confirming the existence of some 'known' comorbidities in people with T2D such as hypertension, hyperlipidaemia, CVD and CKD, our metrics highlighted several other highly prevalent morbidities, namely, OA, hypothyroidism, asthma, COPD, anxiety, depression and schizophrenia ([online supplementary table S5](#SP1){ref-type="supplementary-material"}, [online supplementary figure S7](#SP1){ref-type="supplementary-material"}). By gender, hyperlipidaemia was more associated with T2D diagnosis in women than in men; while anxiety was more prevalent in men, using OR and prevalence rates, respectively.

Discussion {#s4}
==========

Main findings {#s4-1}
-------------

To our best knowledge, this is the first large study in the UK to compare the patterns of 18 comorbidities between people with T2D and people without diabetes using primary and secondary care data. Our findings show that comorbidities were more prevalent in people with T2D than comparators throughout the 11-year study period. Nearly 77% of people with T2D had at least one comorbidity in comparison to 54% of people without diabetes. Overall, prevalence rates increased with age, comorbidities were more prevalent in women than in men, while it did not vary greatly by socioeconomic status except for depression and respiratory conditions where higher rates were observed in people from most deprived areas. People with T2D were twice as likely as those without diabetes to have a cardiovascular disease. Hypertension, in combination with hyperlipidaemia or OA, was the most commonly coexisting morbidities in people with T2D. Importantly, our findings highlight other underreported comorbidities in people with T2D that are highly prevalent or associated with T2D diagnosis including schizophrenia, anxiety and OA.

Findings in relation to literature {#s4-2}
----------------------------------

Despite the metabolic complexity of T2D, most of past studies focused on cardiovascular comorbidities with little information on a wider consideration of physical and mental health illnesses, with limited studies based on UK data. However, reports based on non-UK population are available.[@R26]

Two notable studies have estimated that between 44% and 85% of people with diabetes have one or more comorbidity.[@R13] This is in agreement with our findings where 77% of patients with T2D had at least one comorbidity.

The first of these studies used primary and secondary care data in the Netherlands from 7499 people with diabetes of any type and assessed the impact of 10 comorbidities on healthcare utilisation (annual numbers of general practice visits, prescriptions and hospital admissions).[@R13] The study reported that 44% of people with diabetes had ≥1 comorbidity and that healthcare utilisation was strongly correlated with the number of diabetes-related and non-diabetes-related comorbidities. The study provides important findings on the number and impact of multimorbidity in people with diabetes. However, our study cohort was larger (n=108 588), included a comparator group, we examined more prevalent coexisting conditions and focused on people with T2D that differ from also including people with other forms of diabetes with different patterns of comorbidities (mainly type 1 diabetes).

A second study was exploratory and included 714 patients with newly diagnosed T2D between 1985 and 2007 registered in four general practices and examined a wide range of comorbidities at and after the time of diagnosis.[@R14] The study found that 85% of patients had ≥1 chronic comorbid condition at the time of diabetes diagnosis, and 25% of those without any comorbid condition at diagnosis developed ≥1 comorbidity within the first year after diagnosis.

Other studies have reported on the prevalence of comorbidities in people with T2D, but mainly as a secondary research aim. Many of these studies had small sample sizes[@R8]; were based on a subgroup of patients with T2D, for example, within a prespecified age category[@R10]; the examined comorbid diseases were either reported as an overall count of conditions[@R9] or limited to diabetes-related diseases, mainly diabetes complications.[@R12] Population-based studies based on routinely collected data to examine multimorbidity are limited and urgently needed.[@R7]

We showed that cardiovascular conditions or risk factors, such as hyperlipidaemia and hypertension, were particularly common in people with T2D as reported previously by the American Diabetes Association.[@R1] We found that the prevalence of individual and clustered cardiovascular diseases was twice as high as in people without diabetes. This is an important finding as it helps to explain previous reports that cardiovascular disease is the main cause of increased morbidity and mortality in people with T2D.[@R1] The observed increased prevalence of CKD from 2006 reflects the improved capture of the condition in UK primary care data attributed to the change in coding system, following its addition to the QOF domains on the same year,[@R34] and a National Health Service (NHS) England mandate for laboratories to report estimated glomerular filtration rate (eGFR). The rates then become overall stable until the end of the study period in 2014. The higher rates of CKD in women may be partly explained by higher blood pressure levels and lower ACE inhibitor prescribing in women with T2D compared with men with T2D.[@R36] We envisage that the observed overall higher rates of comorbid conditions in women may also be partially explained by women consulting primary care more than men in the UK,[@R37] which may explain higher detection and subsequent diagnoses rates for some conditions. In consistency with our findings, a US study found that people with diabetes are at a greater risk for asthma and COPD than people without diabetes.[@R38]

Strengths and limitations {#s4-3}
-------------------------

Our study has several strengths. First, to our knowledge, this study presents a novel analysis examining and comparing the patterns of multimorbidity using different approaches in a large population of people with T2D and people without diabetes using routine primary and secondary care data. Second, our large cohort provides sufficient statistical power to calculate overall and age, gender and IMD-specific prevalence rates of individual comorbidities. The selected 11-year study period is relevant to the clinical practice scheme ranging from QOF introduction in 2004 and up to 2014. Third, our study design of matching our cohorts on important confounders aimed to minimise bias. Fourth, the study used linked hospitalisation (HES) data, in addition to primary care data recorded by general practitioners, which has improved the capture of comorbidities diagnosed in secondary care setting. The added value of using linked data has been acknowledged in improving the validity of research studies, where, for example data linkage to secondary care data has enriched the identification of examined conditions as reported previously with cardiovascular disease.[@R39] Fifth, to minimise misclassification, we examined prescribed treatments and time-windows as additional measures to confirm the active status of five resolvable medical conditions, such as depression and asthma. Finally, besides the 'known' and frequently reported comorbidities such as cardiovascular disease, our findings highlight a number of comorbidities that are highly prevalent in people with T2D but underreported in national diabetes guidelines.

The study also has some limitations, which are important to consider when interpreting the findings. First, this study relies on recorded diagnoses in electronic health records and therefore there is a possibility to have missed patients with undiagnosed illnesses such as patients who did not consult general practice or hospital setting. Also, we have not included other possible conditions, such as dementia and gastrointestinal conditions,[@R41] but we aimed to examine the most clinically relevant and well-recorded morbidities to minimise misclassification. Second, the observed increased CKD prevalence should be interpreted carefully as it mainly reflects the improved capture of the condition in primary care data in later years of the study that is, a resolved data recording issue. Third, given the use of an inception cohort, the duration of diabetes was limited and is likely to have led to some underestimation of the burden of multimorbidity in all community-based people with T2D. Although studies of people with prevalent diabetes would also be valuable in future research, our design to include a cohort of incident patients aimed to reduce time-dependent biases related to the timing of T2D diagnosis between included patients in terms of T2D severity and survival time.

Clinical implications {#s4-4}
---------------------

With the increased longevity after T2D diagnosis,[@R5] multimorbidity in people with diabetes is a major public health issue with an economic burden affecting heath service utilisation. People with multimorbidity are prone to premature death, higher risk of hospital admissions and poorer quality of life.[@R6] In addition, the pathophysiological complexity and multiorgan involvement of T2D drives the need to investigate the patterns of coexisting conditions. The challenge of multimorbidity is further compounded by the fact that most available clinical guidelines are designed as syndrome-focused guidance without considering multimorbidity.[@R42] In 2016, the first UK clinical guidance on managing multiple long-term conditions in adults was released with its main recommendations focussing on implementing a patient-tailored approach to care and involving the patient in decisions around the chosen model of care.[@R43] Yet, many other clinical guidelines for the management of diabetes do not consider multimorbidity which may affect their clinical utility.[@R14]

Defining patterns of multimorbidity can have important clinical applications such as identifying potentially harmful drug--disease interactions,[@R44] establishing optimal targeting of specific therapies, and implementing individualised management plans around the time of diagnosis. A better understanding of multimorbidity could help clinicians to design and provide comprehensive care pathways (ie, more holistic rather than condition-specific care) and to action primary and secondary prevention of comorbidities in people with T2D. This could eventually improve patients\' quality of life and minimise healthcare utilisation and associated costs.

Our results of mapped multimorbidity burden in people with T2D highlight the main morbidities associated with T2D diagnosis, mainly CVD and mental health illnesses. We also provide these trends by patient demographic variables, which further identifies groups of people with T2D with higher prevalence (by age, gender, social deprivation), which can support clinicians and other healthcare professional teams (including nurses and pharmacists) identify people at greater risk for developing these morbidities and to provide holistic care plans. Our results can have important clinical and public health implications, including:

1.  Our results show that the prevalence of depression in people with T2D aged 16--35 years were higher compared with rates observed in people aged 56 and over ([online supplementary figure S3](#SP1){ref-type="supplementary-material"}). This finding highlights a profound clinical need in young people who could benefit enormously from mental health intervention.

2.  Multimorbidity is associated with a higher number of prescribed medications (polypharmacy). Mapping the patterns of multimorbidity can therefore help guide to develop more comprehensive care plans. For instance, this mapping could help avoid potential drug-disease interactions such as interactions between some second-line diabetes therapies and CKD or heart failure.

3.  We showed that the association of comorbidities with T2D diagnosis was generally higher in women compared with men. This suggests a need for future studies to investigate the reasons for these differences, which may inform future gender-specific multimorbidity prevention and management strategies.

4.  Identifying the trends of the proportion of people having two coexisting conditions, as illustrated in [figure 4](#F4){ref-type="fig"}, provides an insight into the development of physical and mental morbidities in people with T2D which could inform future prevention strategies. This finding addresses the current need for more research on the coexistence of physical and mental illnesses as highlighted in the recent Academy of Medical Sciences multimorbidity report.[@R7]

5.  Our findings highlight the need for future clinical guidelines to refocus patient-centred care in T2D on non-cardiometabolic conditions such as asthma, COPD, anxiety, depression, schizophrenia and OA.

6.  We report the prevalence of comorbidities in the context of social deprivation, which has potential to inform future public health policy. This addresses a reported need to understand the link between multimorbidity and socioeconomic deprivation while considering policy and practice responses to multimorbidity.[@R46]

Our new multimorbidity metric showed that some of the most prevalent morbidities have not featured in national diabetes guidelines including OA, hypothyroidism, asthma, COPD, anxiety and schizophrenia. The latter are discordant conditions (ie, they have a different pathophysiology compared with diabetes) that are rarely covered in clinical guidance unlike concordant comorbidities.[@R47] Importantly, we found that several national diabetes guidelines in the UK, Canada and the USA do not address several of the highly prevalent comorbidities on our multimorbidity metrics including OA, anxiety, schizophrenia, asthma and COPD.[@R49] In light of this important finding, it is the time for national diabetes guidelines developers to reassess the 'single-condition' focus of current guidelines and step further from limiting recommendations to only a few comorbidities (eg, CVD) in people with T2D. Future guidelines should provide actionable and integrated recommendations for clinical practice to better manage increasing multimorbidity burden in people with T2D considering mental illnesses and other discordant comorbidities that are becoming more prevalent in recent years.

Conclusion {#s5}
==========

In conclusion, we provide the first detailed 11-year epidemiological analysis of multimorbidity burden in people with T2D in comparison with individuals without diabetes using linked national primary care and hospital data. Our analysis involved a wide spectrum of under-reported comorbidities and showed a higher prevalence of all examined physical and mental health comorbidities in people with T2D. Comorbidities were higher in people with T2D than comparators, increased with age and were more prevalent in women compared with men. In addition to cardiovascular conditions, our findings show that among the highly prevalent comorbidities are discordant physical and mental health conditions not broadly reported in literature and UK and other national diabetes guidelines. Our study is clinically relevant and can have important clinical and public health implications and inform the development of realistic patient-centred care plans for people with recently diagnosed T2D in the context of multimorbidity. Our findings indicate that future national guidelines need to provide practical recommendations and models for diabetes care delivery while considering a wider range of comorbidities.
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